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Summary — Enantiopure N,N-disubstituted amides are obtained in good yield from (1R,3S5)-(-)-2,2-dimethyl-3-formyl-
cyclopropane-1-carboxylic acid in three steps: dithiane protection of the aldehyde function; amidation of the carboxylic
acid function; dethioketalization. Mono-N-substituted amides rearrange to a bicyclic lactam form. The X-ray structure of a
dithiane-protected mono-N-substituted amide intermediate is reported.

chrysanthemic acid / biocartol / chiroporphyrin / stereochemistry

Résumé — Une voie d’accés pratiqu? aux amides N,N-disubstitués dérivés de l’acide (1R,3S)-(-)-2,2-diméthyl-
3-formylcyclopropane-1-carboxylique. A partir de 'acide (1R,35)-(-)-2,2-diméthyl-3-formylcyclopropane-1-carboxylique
on obtient avec un bon rendement des amides N,N-disubstitués énantiopurs en trois étapes: protection de la fonction
aldéhyde par un dithiane ; formation de 'amide ; déprotection. Les amides N-monosubstitués se réarrangent en une forme

lactame bicyclique. La structure aux rayons X d’un intermédiaire dithiane-amide mono-N-substitué est décrite.

acide chrysanthémique / biocartol / chiroporphyrine / stéréochimie

Introduction

Esters of (1R,35)-chrysanthemic acid derivatives, such
as deltamethrin, are among the most potent syn-
thetic insecticides [1]. The related esters of (1R,35)-
(-)-2,2-dimethyl-3-formylcyclopropane-1-carboxylic acid
[2] (also called (1R, cis)-caronaldehyde or biocartol)
have been described in the literature [3]. Recently, the
methyl ester has also been used in the synthesis of
‘chiroporphyrins’, a family of macrocyclic asymmetric
catalysts with stereocenters near the plane of the por-
phyrin ring [4]. For obtaining improved asymmetric in-
duction by chiroporphyrins with increased steric bulk
near the metal center, we have explored the synthetic
chemistry of biocartol amides, a class of compounds
which to our knowledge has not been investigated in de-
tail [5]. In this paper, we report a convenient synthesis
of N,N-disubstituted amides derived from biocartol [6],
and we show that the monosubstituted N-benzylic and
N-phenylic amides exhibit a preference for a bicyclic
lactam form. The dithiane-protected monosubstituted
N-benzylic amide is stable in the open form, and we
describe its X-ray structure.

Results and discussion

Access to biocartol amides

Previous studies in this laboratory [4b] have shown that
thioketalization of the aldehyde function of biocartol
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1 with propane-1,3-dithiol takes place without epimer-
ization at C-3. The resulting dithianecarboxylic acid 2
has become a cornerstone in the synthesis of biocar-
tol esters [7]. Herein we show that it is also a conve-
nient starting material for the synthesis of amides, as
shown in figure 1, using the N,N’-dicyclohexylcarbo-
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80 %
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4a-d 3a, R=H, R'=benzyl
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3c, R=Me, R'=pheny!
3d, R=H, R'=phenyl

Fig 1. Three-step synthesis of N,N-disubstituted amides
derived from biocartol.
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4a, R'=benzyl
4d, R'=phenyl

5a, R'=benzyl|
5d, R'=phenyl

Fig 2. Proposed mechanism for the cyclisation of mono-N-substituted biocartol amides.

diimide/1-hydroxybenzotriazole or N,N’-dicyclohexyl-
carbodiimide / 4- (dimethylamino) pyridine  mixtures
(DCC/HOBT or DCC/DMAP) as coupling reagents
8,9].

Biocartol 1 was thioketalized at room temperature
following the procedure of Vedejs [10] in 80% yield
[7]. The resulting dithianecarboxylic acid intermediate
2 was reacted with benzylamine in the presence of
DCC/HOBT at room temperature over 2 h, affording
an 80% yield of the dithiane-protected N-substituted
amide 3a. A crystal of X-ray diffraction quality was se-
lected for the structure determination of 3a (see below).

Deprotection of 3a by HgO/BF3-Et,0 [10] did not
give the expected aldehyde 4a. The 'H NMR spectrum
of the product is entirely consistent with a cyclic hemi-
aminal form 5a (fig 2) similar to the hemiacetal form
of biocartol. Particularly noteworthy is the absence of
resonances for aldehyde and N-H protons. We assume
that the acidic medium required for deprotection ac-
tivates the aldehyde function resulting in carbocation
formation and subsequent intramolecular nucleophilic
attack by the amide nitrogen atom (fig 2).

This cyclization pathway should be inhibited in
N,N-disubstituted amides, and therefore 2 was re-
acted with N-benzylmethylamine and N-methyl-
aniline. Thus (1R,3S5)-(-)-N-benzyl-N-2,2-trimethyl-
3-(1,3-dithia-2-yl) cyclopropane- 1-carboxamide 3b
(yield with DCC/HOBT: 70%) and (1R,35)-(-)-
N-phenyl- N -2,2-trimethyl-3-(1,3-dithian-2-yl) cyclo-
propane-1-carboxamide 3c (yield with DCC/HOBT:
37%; yield with DCC/DMAP: 65%), respectively, were
obtained. Subsequent deprotection gave the expected
N,N-disubstituted amides 4b—c. A notable feature of
the 'H NMR spectra of 4b—c (which has been found
also in various related biocartol esters [7]) deserves men-
tioning. The values of the coupling constants between
the vicinal cyclopropyl protons and between the alde-
hydic proton and the proton in « position (J = 8.9 and
6.2 Hz in CDCls, respectively) indicate a cis stereo-
chemistry of the cyclopropanic protons and a retention
of the configuration at C-3. The latter coupling con-
stant appears as a convenient indicator of stereochem-
istry in this series (reported values [11] Jirans = 3 Hz,
Jeis = 6 HZ).

Restricted rotation around the C(O)-N bond is ob-
served in the 'H NMR spectrum of 4b. In d8-benzene
solution the aldehyde proton of 4b gave two doublets
(6 = 10.09 and 10.16 ppm at 25 °C, J = 5.9 Hz) in
the intensity ratio 0.5:1. This is not observed for 4c,
indicating a lower rotation barrier. Due to the possible
resonance structure, the C(O)-N bond of 4c has lower
bond order.

In the view of synthesizing a N-monosubstituted
amide, we also tried to synthesize 3d from 2 and ani-
line. We hoped that the reduced nucleophilicity of the
amide nitrogen atom, due to the delocalized electron
pair, would prevent an attack on the aldehyde function
during the deprotection step. Contrary to our expecta-
tion, the cyclic product 5d was obtained (fig 2).

X;ray structure of (1R,3S)-N-benzyl-2,2-dimethyl-
3-(1,3-dithian-2-yl)cyclopropane-1-carboxamide 3a

The unit cell includes six molecules, of which three are
independent and the other three related to the former
by the 2; symmetry axis. Figure 3 (top) shows a view of
one independent molecule with the numbering scheme.
Atomic coordinates and relevant crystallographic data
are listed in table I. The structure solution confirms the
S-absolute configuration of C5, C22 and C39, and the
R-absolute configuration of C9, C26 and C43, as indi-
cated by the low value (0.00(8)) of the Flack parameter
[12] obtained after the last refinement cycle. All three
independent molecules have a similar conformation with
the dithiane cycle in chair form as depicted in figure 3a.
The angles between the mean planes of the dithiane cy-
cle and the phenyl ring are 129.5°, 116.3° and 124.7°
respectively for each independent molecule. In each in-
dependent molecule, the carbonyl oxygen atom accepts
three intramolecular C-H. --O hydrogen bonds (see ta-
ble III): one from the methine group located between
the two sulfur atoms, one from a methyl group, and
one from the benzylic methylene group. There is also
an intermolecular hydrogen bond between the carbonyl
oxygen atom and an amide N-H group. The donor-
hydrogen—acceptor angles are much more acute than

Table I. Crystallographic data for (1R,35)-(—)-N-benzyl-
2,2-dimethyl-3-(1,3-dithian-2-yl)cyclopropane-1-carboxamide
3a.

Formula Ci17H23NOS,
a, 10.1127(6)
b, A 21.346(1)
¢, A 12.9667(7)
8,° 103.292(1)
v, A3 2724.0(3)
Space group P2,

Z 6

D, g/cm?® 1.176

4, mm~! 0.292
Radiation, A 0.71073
Temperature, K 173(1)

Ry 0.0411
wRa 0.0967
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Fig 3. (Top) ORTEP view of one independent molecule of (1R,35)-(-)-N-benzyl-2,2-dimethyl-3-(1,3-dithian-2-yl)cyclo-
propane-1-carboxamide 3a; (bottom) projection of the packing onto the (b,c)-plane (thermal ellipsoids are drawn at the 50%

probability level).

usual because of the number of donors for each acceptor.
The carbonyl oxygen atom is thereby basic enough to
force the molecule into a folded conformation through
an extended network of short hydrogen bonds.

The three independent molecules form a helicoidal
chain along the a-axis so that the dithiane cycle and the
phenyl ring are alternated and almost parallel along this
direction (fig 3 (bottom)). The angles between the mean
plane of these cycles are 9.6°, 15.1° and 8.3° respectively
for each independent molecule. Chain cohesion is main-
tained by intermolecular N-H.--O hydrogen bonds.
Each chain is linked to its equivalent by the two-fold
axis through a rather long hydrogen bond (H(37B)-
S4 = 2.842(7) A) which connects two dithiane cycles

along the b—c direction. As a consequence of this ex-
tended hydrogen bond network, the lattice can be de-
scribed as a succession of (a,b) molecular planes sepa-
rated by 3.68 A between C33 and C38 along the c-axis.
This can explain the needle shape of the crystal which
has an edge that is much larger than the other two.

Experimental section

General methods

Elemental analyses were performed by CNRS-Vernaison.
Infrared spectra were measured on a Perkin-Elmer 1600
Series FTIR instrument. UV-visible spectra were performed
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on a Perkin-Elmer Lambda 9 instrument. Nuclear magnetic
resonance spectra were obtained with a Bruker AC 200
instrument. 'H and '3C NMR spectra were recorded at 200
and 50 MHz in CDCl3 unless otherwise noted. Spectra listed
below are tabulated in the following order: chemical shift
(8, ppm), multiplicity (s = singlet, d = doublet, t = triplet,
q = quadruplet, m = multiplet), shoulder (sh), peak width
at half-height (w2, Hz), coupling constant (J, Hz), number
of protons, assignment. Mass spectra were determined on
a ZAB2-SEQ instrument. All solvents were used without
purification except THF and CH:Cl; which were dried
over alumina. Thin-layer chromatography was performed by
using Merck precoated silica plates 60F-254. The plates were
visualized with UV light. Silica gel of the size 230-400 mesh
was used for column chromatography.

X-ray structure determination

Crystals of X-ray quality were grown from a methanol
solution. A white crystal of parallelepiped shape and with
dimensions 0.5 x 0.08 x 0.08 mm was selected from the crys-
tallization solution and it was employed for X-ray structure
determination on a Siemens three-circle diffractometer with
a CCD detector. The cell parameters were obtained with
intensities detected on three batches of 15 frames with a
10 s exposure time for each. The crystal-detector distance
was 6 cm. Data collection was performed at room tempera-
ture, and each one of the 1200 frames was collected for 30 s
because of the small crystal size. A total of 4829 unique in-
tensities with — 10 < h < 10, - 21 < k<20, - 12<£<9
and 1.6 < 6 < 20° collected on all frames using the SAINT
program [13] were used to refine the values of the cell param-
eters: a = 10.1127(6) A, b = 21.346(1) A, c = 12.9666(7) A,
B =103.292(1)°, Z = 6. Intensities corrected for Lorentz and
polarization factors were also corrected for absorption with
the SADABS program. Space group P2; was determined
from systematic absence studies, and it was confirmed by
the successful structure solution (see table I). Complete in-
formation on crystal data and data collection parameters is
given in the supplementary material available.

The structure was solved by direct methods using
SHELXTYL [14], and all non-hydrogen atoms were found with
difference Fourier syntheses. Hydrogen atoms were fixed on
~arbon atoms using the sp® or sp® hybridization geometries.
All non-hydrogen atoms were anisotropically refined on F2.
Table 11 and table III list respectively the atomic coordi-
nates and the hydrogen bond distances and angles. Hydro-
gen atom coordinates, interatomic distances and angles, and
isotropic displacement parameters are listed in the supple-
mentary material available. Final R indices on 4670 data
with Fo > 40(Fp) and 569 parameters are R, = 0.041 and
wR2 = 0.0967. The 1/0® weighting scheme was used for fi-
nal refinement. The largest electronic density residual peak
and hole are 0.124 and — 0.117e~ /A® respectively.

Synthetic procedures

o (1R,3S)-2,2-Dimethyl-3-(1,3-dithian-2-yl)cyclo-
propane-1-carbozylic acid 2
This compound was prepared according to a procedure
worked out earlier in this laboratory for the synthesis of
biocartol esters {7].

e (1R,35)-(-)-N-Benzyl-2,2-dimethyl-

3-(1,3-dithian-2-yl)cyclopropane-1-carbozamide 3a
HOBT (3.83 g, 25 mmol), 2 (5.8 g, 25 mmol), benzylamine
(2.76 mL, 25 mmol) were dissolved in 50 mL of THF. To the
mixture, DCC (5.42 g, 26.25 mmol) was added with stirring

Table II. Atomic coordinates (A) and equivalent isotropic
displacement parameters (A?) for (1R,3S)-(-)-N-benzyl-
2,2-dimethyl-3-(1,3-dithian-2-yl)cyclopropane-1-carboxamide

z Y z Ul(eq)
S(1) 0.3378(2) 0.5763(1) 0.1448(1) 0.088(1)
S(2) 0.3263(2) 0.7172(1) 0.1624(1) 0.086(1)
S(3) 0.9344(2) 0.4657(1) 0.5831(1) 0.077(1)
S(4) 0.9525(2) 0.5496(1) 0.7718(1) 0.085(1)
S(5) 0.2126(2) 0.2150(1) 0.3585(1) 0.077(1)
S(6) 0.0887(2) 0.2760(1) 0.1513(1) 0.085(1)
0Q1) 0.2674(4) 0.6977(2) 0.4251(3) 0.084(1)
0(2) 1.1123(5) 0.3461(2) 0.7530(3) 0.173(1)
0(3) 0.3553(4) 0.3651(2) 0.4542(3) 0.080(1)
N(1) 0.4292(5) 0.7660(2) 0.5010(4) 0.176(1)
N(2) 0.9606(5) 0.2709(2) 0.6911(4) 0.174(1)
N(3) 0.2780(4) 0.3677(2) 0.6025(4) 0.074(1)
C(1) 0.3417(6) 0.6426(2) 0.2314(4) 0.066(2)
C(2) 0.1734(7) 0.5885(3) 0.0561(5) 0.099(2)
C(3) 0.1574(7) 0.6500(4) 0.0004(5) 0.102(2)
C(4) 0.1625(7) 0.7059(3) 0.0726(5) 0.104(2)
C(5) 0.4743(5) 0.6419(3) 0.3109(4) 0.064(2)
C(6) 0.5008(6) 0.6059(3) 0.4117(4) 0.066(2)
C(7) 0.6380(7) 0.5761(3) 0.4465(6) 0.114(3)
C(8) 0.3885(7) 0.5685(3) 0.4413(5) 0.099(2)
C(9) 0.4964(6) 0.6767(3) 0.4151(4) 0.061(2)
C(10) 0.3871(7) 0.7133(3) 0.4459(4) 0.063(2)
C(11) 0.3417(7) 0.8089(3) 0.5402(5) 0.097(2)
C(12) 0.3654(7) 0.8091(4) 0.6573(6) 0.088(2)
C(13) 0.4355(8) 0.8561(5) 0.7145(8) 0.122(3)
C(14) 0.456(1) 0.8556(9) 0.824(1) 0.200(8)
C(15) 0.402(2) 0.808(2) 0.874(1) 0.25(2)
C(16) 0.342(2) 0.762(1) 0.815(2) 0.25(1)
C(17) 0.3189(9) 0.7606(5) 0.7095(1) 0.133(3)
C(18) 0.9700(6) 0.4706(3) 0.7252(4) 0.068(2)
C(19) 1.0643(7) 0.5181(3) 0.5596(5) 0.083(2)
C(20) 1.0552(7) 0.5837(3) 0.5970(5) 0.084(2)
C(21) 1.0775(7) 0.5892(3) 0.7164(5) 0.090(2)
C(22) 0.8725(6) 0.4307(3) 0.7659(4) 0.066(2)
C(23) 0.9075(6) 0.4005(3) 0.8720(5) 0.070(2)
C(24) 0.7938(8) 0.3972(3) 0.9327(6) 0.107(2)
C(25) 1.0460(7) 0.4082(3) 0.9422(5) 0.089(2)
C(26) 0.8856(6) 0.3600(3) 0.7737(4) 0.066(2)
C(27) 0.9963(7) 0.3260(3) 0.7391(4) 0.062(2)
C(28) 1.0548(7) 0.2306(3) 0.6518(5) 0.080(2)
C(29) 1.1236(6) 0.1835(3) 0.7327(5) 0.067(2)
C(30) 1.0721(8) 0.1235(4) 0.7355(6) 0.104(2)
C(31) 1.134(1) 0.0807(4) 0.8103(9) 0.126(3)
C(32) 1.248(1) 0.0966(5) 0.8818(8) 0.122(3)
C(33) 1.3016(8) 0.1544(6) 0.8817(6) 0.108(2)
C(34) 1.2390(7) 0.1985(3) 0.8076(6) 0.086(2)
C(35) 0.1692(6) 0.2874(2) 0.2886(4) 0.059(2)
C(36) 0.3276(7) 0.1845(3) 0.2848(5) 0.092(2)
C(37) 0.2690(8) 0.1769(3) 0.1672(5) 0.094(2)
C(38) 0.2246(7) 0.2371(3) 0.1098(5) 0.091(2)
C(39) 0.0725(6) 0.3236(3) 0.3377(4) 0.058(2)
C(40) 0.0580(6) 0.3930(3) 0.3324(4) 0.060(2)
C(41) —0.0859(6) 0.4178(3) 0.3148(5) 0.083(2)
C(42) 0.1507(7) 0.4304(3) 0.2800(5) 0.082(2)
C(43) 0.1153(5) 0.3615(2) 0.4383(4) 0.059(1)
C(44) 0.2587(6) 0.3652(3) 0.4973(4) 0.060(2)
C(45) 0.4098(7) 0.3678(3) 0.6756(5) 0.094(2)
C(46) 0.4275(6) 0.4248(3) 0.7473(5) 0.067(2)
C(47) 0.4690(8) 0.4792(5) 0.7149(6) 0.117(3)
C(48) 0.485(1) 0.5316(6) 0.778(1) 0.155(4)
C(49) 0.454(1) 0.5290(5) 0.874(1) 0.140(4)
C(50 0.4115(8) 0.4754(6) 0.9094(6) 0.112(3)
C(51) 0.3977(6) 0.4222(4) 0.8444(6) 0.085(2)




Table III. Selected bond lengths (A) and angles
(°) for (1R,3S)-(-)-N-benzyl-2,2-dimethyl-3-(1,3-dithian-
2-yl)cyclopropane-1-carboxamide 3a.

Intramolecular hydrogen bonds

C(1)-H(1) 0.98
H(1)---O(1) 2.393(9)
C(1)-H(1)---0(1) 121.4(3)
C(8)-H(8A) 0.96
H(8A)---O(1) 2.229(9)
C(8)-H(8A)---O(1) 137.3(3)
C(11)-H(11A) 0.97
H(11A)---O(1) 2.43(1)
C(11)-H(11A)---0O(1) 103.0(4)
C(18)-H(18) 0.98
H(18)---0(2) 2.40(1)
C(18)-H(18)---0(2) 119.7(5)
C(25)-H(25C) 0.96
H(25C)---0(2) 2.224(9)
C(25)-H(25C)---0(2) 136.7(4)

C(28)-H(28A) 0.97

H(28A)---0O(2) 2.50(1)
C(28)-H(28A)---0(2) 97.0(4)
C(35)-H(35) 0.98
H(35)---0(3) 2.387(8)
C(35)-H(35)---0(3) 120.6(4)
C(42)-H(42C) 0.96
H(42C)---O(3) 2.255(9)
C(42)-H(42C)---0(3) 137.0(5)

C(45)-H(45A) 0.97

H(45A)---0(3) 2.405(9)
C(45)-H(45A)---0(3) 103.6(3)
N(1)-H(1N) 0.86

H(1N)---0(3) 2.319(8)
N(1)-H(1N)---0O(3) 135.8(5)
N(2)-H(2N) 0.86

H(2N)---O(1) 2.207(8)
N(2)-H(2N)---0(1) 138.0(2)
N(3)-H(3N) 0.86

H(3N)---0(2) 2.117(8)
N(3)-H(3N)---0(2) 148.7(3)
C(37)-H(37B) 0.97

H(37B)---S4 2.842(7)
C(37)-H(37B)---54 150.8(2)

at 0 °C. The mixture was stirred for 1 h at 0 °C and allowed

to warm to room temperature over 1 h. After filtering the

solution, the solvent was removed in vacuo. The organic

residue was dissolved in EtOAc (60 mL) and extracted with

saturated aqueous NaHCOj; solution (3 x 25 mL), with

0.2 N HCI (3 x 25 mL) and water (3 x 25 mL). The organic

layer was dried over Na2SQO4 and the solvent was removed in

vacuo. The solid was recrystallized from methanol. Workup

gave 6.4 g (80 %) of compound 3a as a white solid.

F 146 °C. [a]f = — 64, ¢ = 2.1, ethanol.

IR (nujol) Vmax 3291 (N-H), 1642 (C(O)-N) cm™'.

UV (ethanol) Amax (log &) = 250.5 (2.95) nm.

H NMR § 1.15 (s, 3H, CH3), 1.35 (s, 3H, CHs), 1.22 (dd,
J1 = 85 Hz, J» = 11.0 Hz, 1H, CH-CH-CH), 1.36 (d,
Ji = 8.6 Hz, 1H, CH-C(O)N), 1.79 (m, 1H, CH,~CH,-
CH3), 2.06 (m, 1H, CH;—CH>—-CH32), 2.80 (m, 4H, CHz~
S), 4.35 (dd, Js = 5.4 Hz, J;s = 14.8 Hz, 1H, N-CH),
4.50 (dd, J; = 5.9 Hz, J4 = 14.8 Hz, 1H, N-CH), 4.54
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(d, J2 = 11.3 Hz, 1H, CH-S), 6.10 (m, wyye = 16.5 Hz,
1H, N-H), 7.2-7.32 (m, 5H, CsHs).

Anal calc for C17H23NOSs: C, 63.55; H, 7.17; N, 4.36; S,
19.94. Found: C, 63.71; H, 7.11; N, 4.19; S, 20.18.

MS (FAB™) 322.2 (MH*).

o (1R,3S)-(-)-3-Benzyl-4-hydrozy-6,6-dimethyl-
3-azabicyclo[3.1.0/hezan-2-one 5a

A mixture of red HgO (7.9 g, 36.5 mmol; 2 equiv) and
BF;-OEt; (4.5 mL, 36.6 mmol, 2 equiv) in 30 mL of THF
and 10 mL of distilled water was stirred over 30 min.
A solution of amide 3a (4.2 g, 18.2 mmol, 1 equiv) in
THF (15 mL) was added dropwise with stirring. After
stirring for 30 min at room temperature, 150 mL of diethyl
ether was added under vigorous stirring over 10 min. The
precipitate was collected by filtration and the organic layer
was successively washed with a saturated aqueous NaHCOj3
solution and brine, and dried. The solvent was then removed
in vacuo. The bicyclic compound 5a was obtained as a white
solid in 94% yield.

F 123 °C. [a]® = —115, ¢ = 1.79, ethanol.

IR (nujol) ¥max 3273 (OH), 1650 (C(O)-N) em™?'.

'H NMR § 0.72 (s, 3H, CHz), 1.04 (s, 3H, CHs), 1.66 (d,
Jy = 5.9 Hz, 1H, CH-C(O)N), 1.87 (dd, J; = 5.9 Hz,
J2 = 1.6 Hz, 1H, CH-CH(OH)), 3.09 (m, 1H, OH), 4.17
(d, J3 = 14.2 Hz, 1H, N-CH), 4.60-4.72 (m, 2H), 7.24-
7.28 (1’1’17 5H, CGHE,).

'H NMR (CDCl3, D20) 6 0.73 (s, 3H, CHs), 1.04 (s, 3H,
CHs), 1.65 (d, J1 = 5.9 Hz, 1H, CH-C(O)N), 1.88 (dd,
Ji = 59 Hz, J; = 1.9 Hz, 1H, CH-CH(OD)), 4.18 (d,
J3 = 14.2, 1H, N-CH), 4.63-4.78 (m, 2H), 7.24-7.29 (m,
5H, CeHs).

'H NMR (CeDe) 6 0.53 (s, 3H, CH3), 0.59 (s, 3H, CHs),
1.24 (d, J1 = 6.2 Hz, wy, = 5.6 Hz, 1H, CH-CH(OH)),
1.71 (d, J, = 6.2 Hz, 1H, CH-C(O)N), 2.60-2.90 (broad
d, J = 12 Hz, wy;; = 53 Hz, 1H, CH(OH)), 4.08
(d, Js = 14.2 Hz, 1H, N-CH), 4.44 (d, J; = 11.0 Hz,
wy /2 = 5.6 Hz, 1H, CH-OH), 4.81 (d, J3 = 14.2 Hz, 1H,
N-CH), 6.96-7.36 (m, 5H, CsHs).

'H NMR (CeDs, D20) 6 0.53 (s, 3H, CHs), 0.59 (s, 3H,
CH3), 1.22 (m, 1H), 1.71 (m, 1H), 4.08 (d, J; = 13.7 Hz,
1H, N-CH), 4.42 (s, wy/2 = 7.1 Hz, 1H, CH-OD), 4.79
(d, J1 = 13.7 He, 1H, N-CH), 6.70-7.36 (m, 5H, CgHs).

MS (FAB*) 232.2 (MHT).

» (1R,3S)-N-Benzyl-N-2,2-trimethyl-3-(1,3-dithian-
2-yl)cyclopropane- 1-carbozamide 3b

Using a procedure similar to that described for 3a, com-

pound 2 (12.7 g, 54.7 mmol) was reacted with N-benzyl-

methylamine (8.7 mL, 65.7 mmol, 1.2 equiv), HOBT (9.1 g,

1.16 equiv) and DCC (17.1 g, 1.5 equiv). The resulting yel-

low oil was purified by silica gel chromatography, eluting

with petroleum ether/diethyl ether (50:50) to afford 12.8 g

(70%) of colorless oil.

IR (nujol) ¥max 1645 (C(O)-N) em™'.

'H NMR 6§ 0.99 and 1.18 (2s, 3H, CHj), 1.27 and 1.32
(2s, 3H, CHa), cyclopropanic protons in § position of
the dithiane overlap with the previous peaks, 1.59 and
1.68 (2d, J; = 8.6 Hz, 1H, CH-C(O)N), 1.79 (m, 1H,
CH,-CH,-CHy), 2.06 (m, 1H, CH2-CH>-CH>), 2.83 (m,
4H, 2 x CH2-S), 2.93 (s, 3H, N-Me), 4.61 and 4.75 (2d,
J» = 11.3 Hz, 1H, CH-S), 4.66 (d, J; = 16.1 Hz, 1H, N-
CH), 4.46 and 4.53 (2d, J; = 16.1 Hz, 1H, N~CH), 7.22
(m, 5H, CeHs).

Anal calc for C1gsH2sNOS,: C, 64.5; H, 7.5; N, 4.2; S, 19.1.
Found: C, 65.0; H, 7.7; N, 4.0; S, 19.5.

MS (FAB*) 336.3 (MH™).



522

e (1R,35)-(-)-N-Benzyl-3-formyl-N-2,2-trimethyl-
cyclopropane-1-carbozamide 4b

To a mixture of red HgO (5.3 g, 24 mmol; 1.2 equiv)

and BF3-OEt2 (3 mL, 24 mmol, 1.2 equiv) in 43 mL of

THF and 7 mL of distilled water was added dropwise

with stirring a solution of amide 3b (6.7 g, 20 mmol,

1 equiv) in THF (10 mL). After stirring for 45 min at

room temperature, anhydrous Na;SO,4 was added followed

by diethyl ether (150 mL) under vigorous stirring. The
precipitate was collected by filtration and washed with

EtOAc and the filtrate was washed with saturated aqueous

NazCOj; solution and dried. The solvent was removed in

vacuo. An oil was obtained, 4.6 g (94%).

[&]B = — 93, ¢ = 2.08, ethanol.

IR (nujol) ¥max 1701 (C(O)-H), 1644 (C(O)-N) em™*.

'H NMR § 1.11 and 1.28 (2s, 3H, CH3), 1.42 and 1.44 (2s,
3H, CHs), 1.69 and 1.76 (2dd, J; = 6.2 Hz, J. = 8.9 Hz,
1H, CH-C(O)H), 2.21 and 2.27 (2d, Jo = 8.9 Hz, 1H,
CH-C(O)N), 2.97 (1s, 3H, N-Me), 4.42 and 4.50 (2d,
J3 = 14.8 Hz, 1H, N-CH), 4.71 (1d, J3 = 14.8 Hz, 1H, N-
CH), 7.26 (m, 5H, CgHs), 9.67 and 9.70 (2d, J, = 6.2 Hz,
1H, C(O)H) or in CgDs 10.09 and 10.16 (2d, J = 5.9 Hz).

Anal calc for C;5H19NO2, 0.2 H2O: C, 73.5; H, 7.8; N, 5.7.
Found : C, 71.8; H, 7.7; N, 5.4.

MS (FAB*) 246.2 (MH*).

e (1R,35)-(-)-N-2,2- Trimethyl-N-phenyl-
3-(1,3-dithian-2-yl)cyclopropane-1-carbozamide 3c

N-methylaniline (4.9 mL, 43 mmol), 2 (5 g, 22 mmol) were

dissolved in CH2Cl, (20 mL). DCC (4.9 g, 24 mmol) and

DMAP (130 mg, 4.3 mmol) in CH,Cl; (20 mL) were added

over 1.5 h at 0 °C and the mixture was stirred for 2 h at

room temperature. After filtering the solution, the solvent
was removed in vacuo. The organic residue was dissolved in
diethyl ether and was put in the refrigerator for 15 min. After
filtering, the solvent was removed in vacuo and the organic
residue was dissolved in EtOAc (100 mL) and extracted

with a saturated aqueous NaHCOj3 solution (3 x 25 mL),

with 0.2 N HCI (3 x 25 mL) and water (3 x 25 mL). The

organic layer was dried over NaySO4 and the solvent was
removed in vacuo. The resulting oil was purified by silica gel

chromatography with petroleum ether/diethyl ether (50:50)

as eluent to afford 4.53 g (65%) of a white solid.

F 102 °C. [oJF = — 111, ¢ = 1.66, ethanol.

'H NMR & 0.90 (s, 3H, CH3), 1.08 (dd, J1 = 8.3 Hg,
J; = 11.3 Hz, CH-CH-CH), 1.29 (d, J» = 8.3 Hz,
CH-C(O)N), 1.35 (s, 3H, CHz), 1.85 (m, 1H, CHy~
CH,-CHs), 2.10 (m, 1H, CH,—CH2~-CHs), 2.86 (m, 4H,
2 x CH2-8), 3.25 (s, 3H, N-Me), 4.85 (d, J2 = 11.3 Hz,
1H, CH-S), 7.20-7.50 (m, 5H, CsHs).

MS (FABT) 322.3 (MH™).

o (1R,3S5)-3-Formyl-N-2,2-trimethyl-N-phenylcyclo-
propane-1-carbozamide 4c

Using a procedure similar to that described for 4b, com-

pound 3c (4.53 g, 14 mmol) was reacted with HgO (3.67 g,

17 mmol), BF3-OEt; (2.1 mL, 17 mmol) over 40 min. After

crystallisation (petroleum ether/diethyl ether), a white solid

was obtained (3.16 g, 97%).

F 62 °C.

'H NMR 6 0.90 (s, 3H, CHs), 1.54 (s, 3H, CHs), 1.58 (dd,
Ji = 6.2 Hz, J» = 8.9 Hz, 1H, CH-C(O)H), 1.83 (d,
Ja = 8.9 Hz, 1H, CH-C(O)N), 3.29 (s, 3H, N-Me), 7.16~
7.48 (m, 5H, CeHs), 9.83 (d, Ji = 6.2 Hz, 1H, C(O)H).

Anal cale for C14H17NO3: C, 72.7; H, 7.4; N, 6.1. Found: C,
72.5; H, 7.3; N, 6.0.

e (1R,3S)-2,2-Dimethyl-N-phenyl-3-(1,3-dithian-
2-yl)eyclopropane-1-carbozamide 3d

Using a procedure similar to that described for 3a, com-

pound 2 (6 g, 25.9 mmol) was reacted with aniline (2.8 mL,

31.1 mmol), HOBT (4.2 g, 31.1 mmol) and DCC (8.03 g,

31.1 mmol at room temperature over a period of 4 h. The re-

sulting oil was purified by silica gel chromatography, eluting

with petroleum ether/diethyl ether (50:50) to afford 4.44 g

(56%) of a white solid.

F 141 °C.

'H NMR 6 1.19 (s, 3H, CHj3), 1.30 (dd, J; = 8.6 Hz,
Jz = 11.5 Hz, CH-CH-CH), 1.36 (s, 3H, CHj), 1.53 (d,
J1 = 8.3 Hz, CH-C(O)N), 1.86 (m, 1H, CH>-CH>-CHa,),
2.09 (m, 1H, CH,-CH;-CHy;), 2.87 (m, 4H, 2 x CHy-S),
452 (d, J, = 11.6 Hz, 1H, CH-S), 7.03-7.49 (m, 5H,
CeHs), 7.73 (sh, 1H, NH).

s (1R,35)-4-Hydroxy-6,6-dimethyl-3-phenyl-
3-azabicyclo[3.1.0/hezan-2-one 5d
Using a procedure similar to that described for 4b, com-
pound 3d (2.15 g, 9.9 mmol) was reacted with HgO (2.57 g,
11.9 mmol), BF3-OEt2 (1.46 mL, 11.9 mmol) over 30 min.
An oil was obtained (1.47 g) in 68% yield.
'H NMR 6 1.04 (s, 3H, CHs), 1.08 (s, 3H, CHs), 1.91 (d,
J1 =5.9Hz, 1H, CH-C(O)N), 2.36 (sh, 1H, OH), 2.59 (d,
Ji = 5.9 Hz, 1H, CH-CH(OH)), 3.30 (s, w2 = 7.1 Hz,
1H, CH(OH)), 7.1-7.4 (i, 5H, CeHs).

Supplementary material

Crystallographic data, data collection parameters, atomic
coordinates, bond lengths and angles, anisotropic displace-
ment parameters, and structure factors have been deposited
with the British Library, Document Supply Centre at Boston
Spa, Wetherby, West Yorkshire, 1.523 7BQ, UK, as supple-
mentary publication No SUP 90462 and are available on
request from the Document Supply Centre.
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